flow and bone formation and is useful in studying secondary deposits of cancer in bone and other local abnormalities around diseased bone, in relation to altered vascularity and disorders in joints.
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Naturally occurring states of magnesium deficiency have been recognised since 1932 when Sjollema described the condition in cattle. Despite a few clinical studies about this time the medical significance of magnesium was only slowly appreciated, partly due to the difficulty of estimating it accurately in clinical specimens but mainly because of the absence of such well defined and specific conditions of deficiency as those encountered in farm animals. The development during the late 1950's of emission flamephotometers with high spectral resolution and the technique of atomic absorption flamephotometry coincided with a greatly increased medical interest in magnesium.
Disturbances in magnesium metabolism are now known to occur in several clinical conditions. Their incidence is likely to rise due both to improved methods of diagnosis and to advances in therapy for other electrolyte disorders, which will cause disturbances in magnesium to assume a significant role in larger numbers of patients.
Normal magnesium metabolism
Magnesium is the fourth most abundant metal in the body after calcium, potassium and sodium. The average adult contains about 27 g. of magnesium, of which 65 % is in the skeleton, 34 %occurs intracellularly in soft tissue and only 1% (250--300 mg.) is in the serum and extracellular fluid generally. Our knowledge of the relation between these three compartments is largely due to dietary depletion studies in animals and is assumed to be similar in man.
The skeleton provides the physiological reserve of magnesium in the body; 30 % of the skeletal magnesium may be reversibly mobilised in the young rat (Duckworth, Godden and Warnock, 1940) , but in the adult animal only 11% of the skeletal magnesium may be lost to other tissues without impairment of bone development (Martindale and Heaton, 1964) . Magnesium is well retained by soft tissues during depletion and only about 10% may be lost without a corresponding atrophy of the organ.
Magnesium is widely distributed in foodstuffs and the mean adult human intake of about 300 mg. per day is usually fairly constant for any individual. The urinary and faecal excretion of magnesium, approximately 100 and 200 mg. per day respectively for subjects in equilibrium, are both largely determined by the dietary intake.
Diagnosis of disturbances
The effects of disturbances in magnesium metabolism are well known in animals. Deficiency causes neuro-muscular excitability and in severe cases animals are liable to develop fatal convulsions. Conversely the infusion of magnesium salts blocks neuro-muscular transmission causing progressive suppression of peripheral followed by the deeper reflexes and finally results in cardiac and respiratory arrest.
The symptoms are less well-defined in man and the clinical picture is also complicated almost invariably by the simultaneous occurrence of disorders in the metabolism of other electrolytes, especially potassium and calcium.
Clinical examination can therefore suggest the existence of a disturbance in magnesium metabolism but the diagnosis has to be made principally on the results of chemical analysis. Particular emphasis will be placed on the diagnosis of magnesium deficiency, as this appears to be the condition of greatest practical importance.
Clinical symptoms
Hanna, MacIntyre, Harrison and Fraser (1960) consider the most specific signs of magnesium depletion to be a positive Chvostek with negative Trousseau sign, low-voltage electrocardiogram and a liability to epileptiform convulsions. Frequently, however, the symptoms are more general and may include muscular weakness, mental disorientation and an aggressive type of depression.
Sometimes severe deficiency is encountered without any obvious clinical sign.
Chemical evidence
The serum concentration is the most widely used and probably the most reliable routine index of a subject's magnesium status. A serum concentration outside the normal range of 1.7-2.3 mg. per 100 mI. indicates a disturbance in magnesium metabolism, but conversely a normal serum level is not necessarily indicative of a normal state in bone and soft tissue. An intracellular deficit of magnesium has been reported in association with a normal serum concentration in two cases with renal impairment (MacIntyre, Hanna, Booth and Read, 1961) and may occur in a minority of patients.
The magnesium concentration in erythrocytes has a normal range of 4.5---6.0 mg. per 100 rnl. A survey in chronic alcoholics suggested a direct relation between the magnesium concentration in the serum and the erythrocyte, but the serum concentration was the most sensitive to depletion.
Balance studies on 27 subjects consuming self-selected diets indicated a normal range for urinary magnesium excretion of 57-155 mg. per 24 hours. The effect of individual variations in intake is minimised by relating the urinary excretion to the dietary intake and gives a more restricted normal range of 22-55 % of the magnesium ingested.
Urinary excretion of magnesium is usually reduced in deficiency and measurement of the 24 hour excretion may be useful but the intake must be considered.
Conditions with hypermagnesaemia
Hypermagneseemia is most frequently encountered in patients with renal failure. The extent of the elevation appears to be related to the reduction in glomerular filtration rate below a critical level of 30 mI. per minute (Robinson, Murdaugh and Peschel, 1959) . Small elevations in the serum magnesium concentration may also be observed in patients with severe dehydration and in cases of hypothyroidism.
Conditions with hypomagnesaemia
Magnesium depletion is liable to develop secondary to several clinical conditions. The incidence varies considerably, but may be as high as 35 % in patients with malabsorption.
It is usually associated with disturbances in other electrolytes, particularly hypocalcemia and hypokalemia, but may be encountered as a relatively specific condition after treatment for other electrolyte disorders.
Intestinal malabsorption
Intestinal malabsorption is probably the most common clinical cause of magnesium depletion. It may arise in patients with idiopathic steatorrheea, various conditions necessitating intestinal surgery and in cases of prolonged diarrhrea and vomiting.
Depletion is very liable to occur in patients developing post-operative complications of intestinal surgery and the incidence and severity of the depletion both appear to be particularly high when complications follow surgery for Crohn's disease. Patients with active Crohn's disease or ulcerative colitis may be depleted pre-operatively but the frequency and severity of the condition are much less than when postoperative complications occur (Heaton, Clark and Goligher, 1967) .
Balance measurements show that the depletion results from an increased intestinal loss of magnesium which may exceed the dietary intake. The loss is increased by a high intake of calcium salts or fat. Positive magnesium balance may be obtained by supplementing the diet with magnesium salts, or in some cases by the use of a low-fat diet (Booth, Hanna, Babouris and MacIntyre, 1963) .
Chronic alcoholism
The incidence of hypomagnesremia in chronic alcoholics may reach 25 % but its contribution to the clinical condition of the patients is uncertain. Conservation of magnesium by the body is normally very good,~ut the hig~in~i dence and severity of magnesium depletion In alcoholics compared with other electrolyte disorders suggests that some abnormal loss of magnesium may occur. Administration of alcohol to normal subjects causes a large and relatively specific increase in urinary magnesium excretion (Heaton, Pyrah, Beresford, Bryson and Martin, 1962 ) and it appears that this loss superimposed on a period of malnutrition may produce the depletion.
Primary hyperparathyroidism
Removal of a parathyroid tumour invariably causes some reduction in the urinary excretion of magnesium and usually results in an increasingly positive balance (Hanna, North, MacIntyre and Fraser, 1961) . The urinary excretion is abnormally high in some patients with hyperparathyroidism, but this often seems to be compensated by an increased intestinal absorption which prevents the development of deficiency.
Hypomagnesemia may develop after the removal of an adenoma from patients whose pre-operative serum magnesium concentration was normal. Its occurrence varies considerably in different series of patients and it appears to affect only subjects with appreciable. skel~tal demineralisation as indicated by radiological examination or the presence of elevated plasma alkaline phosphatase activity (Heaton and Pyrah, 1963) . The fall in serum magnesium parallels the fall in serum calcium concentration but it is much less severe and recovers more rapidly.
Chronic renal failure
The majority of patients with chronic~enal disease, like those with acute renal failure, develop hypermagnesemia, Some cases of chronic impairment, however, retain normal serum magnesium concentrations and in a few patients hypomagnesemia occurs. These patients appear to have a more severe deterioration in tubular than in glomerular function, but although a renal leak of magnesium is suspected this has not been proved.
Other conditions
Aldosterone and certain diuretics, particularly those of the chlorothiazide series, increase the urinary excretion of magnesium (Horton and Biglieri, 1962; Wacker, 1961) .
Magnesium depletion has been observed in primary aldosteronism and in a few patients treated with large doses of diuretics.
Treatment of hypomagnesaemia
The treatment of magnesium depletion is always justified as a form of preventive therapy. In some patients it produces a dramatic improvement in the clinical condition and in others it assists in the correction of other electrolyte abnormalities. Several patients with hypocalcemia and hypomagnesemia secondary to malabsorption have been treated with magnesium salts as the only therapy and a simultaneous rise in the serum magnesium and calcium concentrations occurred (Heaton and Fourman, 1965) .
Repletion is most simply achieved by the oral administration of magnesium hydroxide. In cases of severe depletion the intravenous or intramuscular injection of magnesium salts may be necessary, but must always be followed by a prolonged period of oral supplementation to obtain total body replenishment.
